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Abstract 
In this work a new approach to the study of Human Computer Interaction (HCI) task is described from Systemic-Structural 
Activity Theory perspectives. Inventory receiving task that includes HCI has been selected to demonstrate the new method of 
analysis and new design principles. Computers are relatively new means of work mediating tasks performance in various types of 
production processes. One of the specific features of such tasks is a combination of mental and manual components of work. Due 
to its complexity and variability algorithmic description of task performance is suggested. A combination of qualitative and 
formalized methods of task analysis is presented. The main objective of this work is to explore the application of the systemic-
structural activity theory to the study of computer based task.  
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1. Main text  
In most publications, task analysis is applied to individual tasks that impose critical requirements on human 
performance. However, all the tasks performed by the same or different workers in the production process cannot be 
considered as completely independent. Tasks that are performed in one unitary production process influence each 
other even in situations when they are performed by several workers. In some cases, inefficient performance of one 
task may entail ineffective implementation of another task. This indicates that the need to study the effectiveness of a 
particular task should be carried out in the context of a particular production process. We should evaluate the 
adequacy of equipment, computer interface, method of task performance, safety, etc. only by assessing human work 
activity during performance of various tasks in context of a specific production process. 
The task is the basic component of human work. The concept of task and task analysis were initially defined by 
R. B. Miller [1]. The concept of production operation is not applicable to the operators’ functions in complex 
automated control systems where new types of demands were imposed on the workers. So, the ergonomics 
professionals started utilizing the concept of task instead. Unfortunately the term task does not have a precise 
meaning. In systemic-structural activity theory (SSAT) the concept of task is considered from activity theory 
perspective [2]. The concept of task should be considered in the context of production process in which it is 
performed. In SSAT instead of production process we utilize the term operational-monitoring process when 
considering performance of an operator in automation systems. There also are such concepts as direct and indirect 
labor. Direct labor is associated with producing products or services that are the main functions of a considered 
organization. Indirect labor is not directly involved in producing goods or services, but it make their production 
possible.  In our study we examine the inventory receiving task that is performed in the context of inventory 
distributing production process. Such process is considered as indirect labor for the manufacturing company. 
However, in organizations where the main purpose of production process is distribution or transportation of goods or 
product that are produced by other companies inventory distributing production process should be considered as 
direct labor. Our study is performed in the framework of SSAT. 
1.1. Qualitative analysis of inventory receiving task in context of production process 
The first stage of study starts with qualitative analysis of inventory receiving task in the context of the whole 
production process. The preliminary stage of our study is analysis of existing inventory receiving process in the 
manufacturing company. The qualitative analysis begins with the objectively logical analysis. It includes 
observation, review of documents, available data is compared with literature on similar work, discussion with 
workers or supervisors can be also used at this stage. The result of such analysis provides a model of inventory 
processes for a manufacturing firm, see Fig. 1. 
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Fig. 1. A model of inventory process for a manufacturing firm: (a)- before improvement. Route 1 goes from (In) purchase to stoking then to sale 
(out) or WIP; (b)-after improvement. Rout 1 goes from (In) purchase to stoking then to work-in- process (WIP), then to stoking again and sales; 
Rout 2 goes from (In) purchase to work-in-process, then to stoking and sales.. 
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Presented model demonstrates that the inventory process for any company consists of three sub-systems: 1) 
Stocking; 2) Record keeping; 3) Work-in-Process. Let us consider the model of inventory process before 
improvement. The first sub-system (box 1) refers to the physical movement of items into and out of stock, providing 
a physical quantity on- hand. Raw materials, intermediate products or finished goods are physically brought in 
(designated by + means “plus”) or taken out of stock (designated by – means “minus”).  “In” is an increase of stock 
and an “Out” is a decrease.  An “In” occurs when something is entered; an “Out” occurs when something leaves the 
stock.  Stock can be increased either by purchasing or by entering items to stock from manufacturing. Stock is 
decreased by sale of products or component parts to customers, by putting intermediate products into manufacturing, 
or by scraping. The second sub-system (box 2) represents “Work-in-Process” (WIP). This is a value adding, 
manufacturing process in which diverse raw materials or intermediate products are transformed into a ready product.  
Movement “In” and “Out” is designated the same as in the stock process. Box 3 is the record-keeping process sub-
system. Whenever materials physically move into or out of stock, that movement is mirrored as a transaction in the 
record-keeping process. The record keeping process is a complicated computerized system that has to track all 
physical movements of different parts, purchases, intermediate products, etc. The model of the inventory process 
that is depicted on Figure 1 facilitates understanding the specifics of various tasks involved in this process.   
Let us consider the first task which is the main object of our analysis. This task is called “Inventory-Receiving 
Task”. This task includes two parts: one part involves physical work, when a worker (later receiver) receives a box 
with raw material or intermediate parts; the second part includes cognitive components associated with entering data 
on computer screen. A receiver can receive parts from different vendors to restock the warehouse and fulfil special 
and emergency orders. The second kind of tasks entails receiving intermediate or finished product from Work-in-
Process. The present study pertains to the first task. Parts arrive at a plant in special boxes that are delivered to the 
reception area. Figure 2 depicts a view from above of the workplace for the receiving task. The dashed lines 
designate equipment that is introduced following the implementation of suggested improvements. Number 1 
represents the Receiver. He/she opens the boxes placed on the base unit 5 using a special knife. 
 
Fig. 2. A view of the receiving task from above the workplace: 1-receiver; 2- work table; 3-computer; 4-tag printer; 5 - base unit for unpacking; 
6-base unit for stock process; 7-base unit for work-in-process (WIP); 8-belt for staking; 9-belt for WIP; 10-put aside area; 11- place for totes. 
After opening the box, the receiver removes a packing slip and reads it. Then the receiver uses a computer based 
warehouse management system 3. He enters the purchase order (PO) number listed on the packing slip and hits the 
F3 key to check what is still open on the PO. The receiver takes the parts out of the box and compares the order 
quantity with received quantity. He chooses the item from the PO, then changes or confirms the quantity and the 
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price, and he assigns allocation if necessary. If allocation is already reserved for the item, the system will select it 
automatically. All required information is shown on the screen, later this information is printed on the label. There 
are two kinds of subtasks: the setup sub-task and the main sub-task. The setup operation includes login, menu 
selection, key in PO number, etc. The main operation begins when an item is taken out of the box and ends when it 
is put in the tote. The receiver places each part from the vendor into a corresponding tote on the tote table 11. Each 
tote is labelled with the corresponding bin area. When the tote is filled up it is placed in a “put-away” area by the 
stock belt 8.  
The next tasks in production process are “Putting-Away” and “Pick-Up”. The “Put-Away” operator takes parts 
from the ‘tote’ and places them on the corresponding shelves. The “Pick-Up” operator takes the parts that have been 
ordered from the shelves and places them into a “tote” for farther delivering to the workshop. The “Pick-Up” 
operator also places ready for sale products into the other type of totes. Figure 3 designates the sequence of 
operations described above, before improvement. This is inventory distribution production process that is classified 
as indirect labor in the considered company. 
      Sales (Out) 
 
 
 
(In) Purchase   
 
 
Fig. 3. The inventorying distributing production process before improvement. 
1.2. Algorithmic description of the inventory receiving task before improvement. 
The second stage of analysis in SSAT involves algorithmic description of a task. Only after this second stage the 
qualitative analysis can be revised with greater elaboration and insight. The fragment of algorithmic model of 
activity when performing the receiving task is presented in Table 1 (only actions related to computer use are 
described). 
Table 1. Fragment of algorithmic description of activity during computer based task performance (before improvement). 
Member 
of 
Algorithm 
(psychological units of 
analysis) 
 
 
Description of members of human algorithm (technological units of analysis). 
 
O D1 
 
 
Check for presence of inventory receiving screen.  
       1 
        pOH2 
 
 
Type 1 and then press ENTER to choose ADD INVENTORY RECEIVING screen.  (see figure  4) 
 
O D3 
 
Check to see if you are at the ADD TRANSACTION screen    (cursor on the field 1) 
                          1 
l 1 n 
 
 
If you are at the right screen, go to O H4.   If the screen is wrong, hit F3 for exit and go back to  O H2. 
17 (1)   9 (1) 7 (1) 
   p   p     p O H4 
 
 
Take a packing slip from the box placed on based unit 5 (see figure 2) 
 
Receiving 
Putting 
away 
 
Pick up 
Delivery 
to 
workshop 
Production 
process 
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O D5 
 
Find PO (purchase order) number on the slip. 
 
O H6 
 
Key in PO number and hit enter (Fig. 4, field 1). 
 
O D7 
 
 
Look at the screen message.  
                            2 
 l 2 n 
If the screen displays an error message, INVALID PO NUMBER, then go to operator 0D8.  If  PO number is 
correct, the cursor moves to the second field RECEIVED –DATA (see figure 4), go to 0H11. 
 
O D8 
 
 
Compare PO number on the screen with the number on the packing slip. 
              6 
p O H23 
 
 
............   ...............          ...............  ............... 
             5 
p O D24 
 
 
Compare price of the item on the shipping list with price on the screen. 
                              8 
   l 8  n 
 
 
If the price on the screen and shipping list are different, go to O H25.  Otherwise, go  
to 2 O H31. 
 
O H25 
 
Key in the new price and hit ENTER. 
 
O D26 
 
 
Read the message, THE PRICE YOU ENTERED DOES NOT MATCH INITIAL PRICE. DO YOU WANT TO 
ACCEPT? (Y/N) on the screen (Fig. 5, field 5). 
O 27 Dth 
 
 
Compare new price with ordered price.** 
                9 
       l 9n 
 
 
If new price is smaller or equal, go to 1 O H31.  If new price is greater go to O 28th P 
 
    O 28th P 
 
 
Mentally calculate the price difference. 
                 10 
    l 10Pn 
 
 
If difference is less than 10%, go to 1 O H31.  If difference is greater than 10%, go to O H29  (unless instructed 
otherwise). 
 
             O H29 
 
 
Type N and hit ENTER (the item is put aside and task is completed). 
     O D30 
………. 
O H48 
 
 
……………     ………………     ……………      ……………     …………….  
Wait for the report completion  message 
Comments:  ** stands for executive “thinking actions” that are performed based on visual information; *** stands for executive “thinking 
actions” that are performed based on information in working memory 
 
5049 Gregory Bedny et al. /  Procedia Manufacturing  3 ( 2015 )  5044 – 5051 
Members of algorithms are called operators and logical conditions. Operators consist of actions that transform 
objects, energy and information. Logical conditions include decision-making process. They determine logic of 
selection and realization of different members of the algorithm. Each member of the algorithm is designated by a 
special symbol in the left column. The detail description of human algorithm can be found in our previous 
publications [1, 3]. Let us consider some members of activity.  
After performance of OH2 the add inventory receiving screen is opened, see Fig. 4. 
                                                  1              2 
 
ADD INVENTORY RECEIVING             P.O.#:01170042     RECV-DATE: 04/30/15  
                                                            
LINE ITEM-NO.  QTY-RCV UNIT-COST TY CMP ASGN-QTY  BIN-LOCATE  CONFIRM 
----------------------------------------------------------------------- 
 3                                                                              
    
   |  SEQ ITEM-NO.             MFG-PART-NO         QUANTITY   UNIT-COST       
   |  001 123456               99993                   4     25.03              
   |  002 320012               3913706                 2    170.00              
   |  003 416709               73000407               10     63.73              
   |  004 370268               285091                  1    266.23              
   |  005 813491               5900ZAEA                2    351.70                
   |                                                                            
    
                                                                             
ESC=Abort, F3=Exit, F8=Look 
 
Fig. 4. Add inventory receiving screen. 1-purchase order number; 2-received date; 3-item number. 
After clicking on selected item the new screen with detailed information opens up, see Fig. 5. Comparing 
presented on the screen data with the algorithm of human work activity allowed discovering deficiencies in software 
design and introducing possible improvements. The algorithmic description of this part of the operation is given in 
Table 1 (O D24 through O H29). Such members of algorithm as O 27 Dth; O 28th P and l 10Pn10 demonstrates that a subject 
performs thinking actions based on visual information (O 27 Dth), thinking actions based on information that is stored 
in memory (O 28th P), and decision making based on rules that are also stored in memory (l 10Pn10). Before 
improvement the price difference between the item’s price on the screen and on the physical packing slip from the 
box has to be estimated by the receiver. The receiver reads the item price on the screen, reads the item price on the 
packing slip and compares these two prices. If the price is the same the receiver moves cursor to the next field. If it 
is different she/he has to estimate if the price is more than 10% greater on the packing slip than it is on the initial 
Purchase Order. The calculation is performed mentally with or without writing it down. If the difference is greater 
than 10% she/he should decide to accept or reject the shipment. 
                                              1             2 
 
ADD INVENTORY RECEIVING        P.O.#:01170042  RECV-DATE: 04/30/15  
                                                               
LINE ITEM-NO QTY-RCV UNIT-COST TY  CMP ASGN-QTY BIN-LOCATE CONFIRM 
------------------------------------------------------------------ 
3 
4 
 
002 320012        2     170.00      Y    2        BB6123          
Power Gear       7 
5                                                                   
6                                                                        
                                                        
TOTAL ITEMS :      2              RCV-QTY TOTAL :      340.00                                          
 
Fig. 5. Add receiving screen with detail item information.  1 – purchase order number; 2-received date; 3-item number; 4-receved quantity; 5-unit 
cost; 6- completion flag; 7-bin location. 
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Based on above analysis we developed new method of performance for this fragment of task. After improvement 
the price difference between the PO item price on the screen and the price on the packing slip from the box is 
calculated by the software and the message lets the receiver know if the difference exceeds 10%. The algorithmic 
description of this fragment of work is not presented in this article. We will also briefly consider another 
improvement. In existing inventory receiving process all parts received from vendors should be placed in storage, 
see Figs. 1 and 3. However, there were instances when items had to be immediate deployed into the manufacturing 
process (special order items). Based on analysis of existing algorithm of task performance it was recommended to 
introduce new screen which has one question “Work-in-process (Y/N)?”, see Fig. 6. 
 
 
ADD INVENTORY RECEIVING   P.O.#:01170042     RECV-DATE: 4/30/15  
 
LINE ITEM-NO. QTY-RCV   UNIT-COST TY CMP  ASGN-QTY  BIN-LOCATE  CONFIRM 
--------------------------------------------------------------------------------------------------------------------------- 
002    320012                2                170.00               Y                 2                         
    POWER GEAR                                                                                        
                                                                             
                                                                                
           1                                                                      
  
 
WORK-IN-PROCESS (Y/N)?                  ------                                                            
 
Fig. 6. Screen with the work-in-process option. 1-yes or no answer is required. 
New algorithm of task performance demonstrate that this innovation requires introducing simple additional steps 
(members of algorithm) for the receiving task if the items are on order from any department. However, the 
production process as a whole benefits because the parts don’t need to be shelved and then picked up and sends to 
the department. Model of the inventory process after improvement is demonstrated on Fig. 1 (b), and sequence of 
tasks is presented on Fig. 6. The algorithmic analysis helps to determine at which step the innovation should be 
introduced. For performance of receiving task after enhancement it was recommended to introduce new equipment 
components at the work place: base unit for work-in-process - 7 and belt for work-in-process - 9. They are 
designated by dashed lines on Fig. 2. In this work we describe only some examples of innovations during 
performance of the receiving task. 
 
                                                                                                     Sales (Out) 
 
                                                               
                                            Receiving        N 
 
                (In)  Purchas              WIP ?                                                                                                          
 
 
                                                           Y 
             
Fig. 7. The sequence of tasks after the improvements. 1- Route 1 receiving and question work-in-process (WIP; response “N”) then putting away 
up to production process; 2-Route 2 receiving and question WIP (response “Y”) then delivery to workshop up to production process. 
2. Conclusion 
We have presented in abbreviate manner the example of the inventory receiving task study where we utilized 
systemic-structural activity theory that considers human activity during task performance as a complex structurally 
Putting 
away 
Pick up Delivery to 
workshop 
 
Production 
process 
5051 Gregory Bedny et al. /  Procedia Manufacturing  3 ( 2015 )  5044 – 5051 
organized system. This approach describes a HCI task utilizing qualitative, morphological and quantitative methods. 
Within SSAT we have developed methods for the extraction of cognitive and behavioral actions from the holistic 
activity. These actions are then classified according to principles defined by this theory. In SSAT one can also 
differentiate two kinds of units of analysis: technological units of analysis and psychological units of analysis. These 
unites of analysis are basis on algorithmic description of activity during task performance. The study demonstrates 
that tasks should be analyzed in the context of the whole production process. 
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